ABSTRACT
INTRODUCTION
Enterprise architecture is an approach to enterprise management that relies on models of the organization and its information systems. The prime goal of enterprise architecture is to support analysis of an organization and its work. Several enterprise architecture approaches such as the Architecture of Integrated Information Systems (ARIS) [1] , the Business Process Modelling Initiative (BPMI) [2] , and Integrated Enterprise modelling (IEM) [3] are based on enterprise modelling languages to build models. Enterprise models can be used to analyse the performance of different process scenarios or IT scenarios. When assessing the performance of an organization, it is of great importance to base the assessment on the goals that are defined by that organization. Whether it concerns the whole company, a business unit or only a process, the goals need to be known and should be represented in the model used for the assessment. The organizational entities that have a causal effect on these goals should also be included in the analysis framework. The above mentioned frameworks do not propose these causal relations, thereby not specifying their metamodels with respect to the analyses. We will use a notation called Extended Influence Diagram (EID) [4] which expresses series of causal relations in order to formalize the analyses of organizational entities. Figure 1 depicts the relation between an enterprise architecture scenario, modelled using a metamodel, the analysis of the scenario, and finally the output: the quality to be analyzed.
In this paper, the maintenance management process is used as an example process. The maintenance management process is a general process since it exists in many kinds of industries such as process, production and service industries. Maintenance management is the process that assures that the physical assets of a company are maintained properly to avoid failures and breakdowns. A failure could lead to costs of lost production and the purchase of new equipment. The main contribution of this paper is a framework that supports the creation of enterprise architecture models suitable for analysis of organizational performance for the maintenance management process. The extended influence diagrams are based on the performance indicators Terry Wireman [5] presents for maintenance management.
The rest of this paper is structured as follows; extended influence diagrams are introduced followed by a section where the analysis framework is presented and further described in detailed. An example case using the framework is depicted before the work is concluded in the final section.
EXTENDED INFLUENCE DIAGRAMS
One of the basic concepts for the framework is Extended Influence Diagrams (EID) which allows us to use Bayesian mathematics in our analysis. The network is built with nodes that causally affect each other. In extended influence diagrams, random variables associated with chance nodes may assume values, from a finite domain (cf. Figure 2) . A utility node could for example be "asset downtime". It can be further described by other nodes that it has a definitional relation to. Causal relations capture associations of the real world, such as "more frequent maintenance reduces risk of breakdown". In the example, this is visualized by "frequency of maintenance" that causally affects the "risk of breakdown" which in turn causally affects the "asset downtime". With the help of a conditional probability matrix for a certain variable A and knowledge of the current states of the causally influencing variables B and C, it is possible to infer the likelihood of node A assuming any of its states. Depending on the scenario, the chance nodes will assume different values, thereby influencing the utility node. Prague, 8-11 June 2009 Paper 0867 CIRED2009 Session 6
Paper No 0867 The properties found in an extended influence diagram determine what classes and attributes should be present in the enterprise architecture metamodel. Specifically, all classes and attributes that are required for a complete analysis as specified in an extended influence diagram must be found in the enterprise architecture metamodel, in order for the corresponding model to be amenable to analysis. See Figure 3 .
A FRAMEWORK FOR MAINTENANCE PERFORMANCE ANALYSIS
This section presents the framework that captures the performance indicators of the maintenance process.
Performance indicators for maintenance
In this paper, an complete set of performance indicators [5] is used to base the framework on goals that are suitable for the maintenance management process.
Wireman [5] suggests ten areas to define the maintenance management process and its performance. These are periodic maintenance, operational improvement, storages and procurement, predictive maintenance, work order flow, reliability centred maintenance, Computerized Maintenance Management Systems (CMMS) and Enterprise Asset Management systems (EAM systems), total productive maintenance, technical and interpersonal training and statistical financial optimization. Figure 4 shows the extended influence diagram that represents this categorization. 
The maintenance performance analysis framework
In the following section only the EID for periodic maintenance is presented due to lack of space.
Periodic maintenance (PM) is the continuous maintenance that is performed according to specific intervals defined by the maintenance plan (MP). Figure 5 presents the extended influence diagram displaying the areas that together measure the performance of the PM.
The asset uptime and breakdowns that occur are of course important factors of how well the performance of the periodic maintenance is. The breakdowns that occur are taken into consideration in the performance indicators Asset uptime and Asset downtime caused by breakdowns. The breakdowns are scrutinized in more detail through the performance indicators Breakdowns caused by poor PM and Cost of breakdown repairs. The PM work is more efficient if less work is spent on tasks that have not been scheduled since unscheduled work can cost up to twice as much as scheduled work; this means that tasks that are performed outside working hours or PM that is performed due to emergency jobs. This is regarded through the performance indicators PM compliance, Percentage of overtime and Emergency man hours. Other performance indicators shows how good knowledge the organization has about how much the PM costs, how many tasks that are unfinished of all current tasks and how many work orders that are generated from the Inspections. Paper No 0867 directly, they have been further broken down into more easily measurable attributes. For example, the periodic maintenance compliance is measured by the number of maintenance tasks that have been completed and by the number of scheduled periodic maintenance tasks. In the same way, emergency man hours is measured by man hours spent on emergency jobs compared to total number of worked man hours.
THE MAFOP METAMODEL
In this section we present the Modelling and Analysis Framework for Organizational Performance, MAFOP; a metamodel satisfying the requirements of the preceding sections, containing the entities and attributes necessary for analyses of maintenance performance. The first step of generating the MAFOP metamodel is to create metamodels for the extended influence diagram developed for maintenance management in section 3. Each chance node in an extended influence diagram corresponds to a variable. Such variables may be viewed as attributes of a class in a metamodel. As an example, the chance node "asset downtime" is implicitly associated with the class "equipment" which will have the attribute "downtime".
The metamodel development process entailed going through all nodes of the extended influence diagrams and for each node identifying the class to which it belongs. In addition to this, the relations between the classes were specified. Figure  6 presents an overview of the metamodel. 
Classes of the MAFOP Metamodel
The asset class refers to any system or apparatus that is of value to the enterprise. Unfortunately, failures can occur to the equipment. If it is a minor failure which does not cause a breakdown, it can be discovered during a periodic maintenance inspection. In that case a work order will be generated and the failure can be corrected through a corrective maintenance task. To avoid failures, periodic maintenance tasks and predictive maintenance tasks can be performed. Corrective, predictive and periodic maintenance tasks as well as Inspections are all a kind of maintenance task which means that they inherit all attributes as the maintenance task has.
Operators and maintainers perform the maintenance tasks. They also go through training to improve their knowledge.
The training is held by trainers. The maintainers and trainers are a kind of employee. Other kinds of employees are supervisors, who supervise the maintenance organization and maintenance planners. When assets get worn and break they have to be replaced. These new spare parts and material that are consumed continuously are called maintenance material and are associated to the asset they are used to maintain or, when it comes to larger spare parts, to the working order that stipulated the part to be exchanged. The spare parts are retrieved from the storage through a storage order.
Attributes of the MAFOP Metamodel
For the purpose of performance analysis, the metamodel in Figure 6 is inadequate because of it being too rough. In an enterprise architecture model, many important concepts are best captured as entity attributes. Figure 7 presents the attributes in a few example classes of the MAFOP metamodel. The total downtime of equipment, for instance, is of importance for the quality of the periodic maintenance (according to the extended influence diagram of Section 3). Consequently, the asset class of our model explicitly contains the attribute "downtime". Figure 7 also shows other attributes used when assessing other performance areas, such as work order systems. 
MODELLING AND ANALYSIS USING THE MAFOP METAMODEL -AN EXAMPLE
This section presents a fictional example of how the MAFOP metamodel can be used for organizational performance analysis at a fictional power distribution company, The Power Company, TPC. Let's assume that TPC has a large distribution network that covers a large geographical area and since the customers notice every time there is a failure on the net, maintenance is of great importance for TPC. Until recently, all maintenance work have been outsourced to a subsidiary to TPC, TPC Services, which means that TPC has taken care of the planning and scheduling of the work orders, while TPC Services has performed the maintenance tasks. TPC Services experienced that the tasks took longer time than was planned due to long waiting time for spare parts etc. Since the work orders were handed over from TPC to TPC Services on a daily basis, TPC Services experienced that they did not have the possibility to plan their own work, and this affected their performance. A manager at the higher Prague, 8-11 June 2009 Paper 0867 CIRED2009 Session 6
Paper No 0867 level acknowledged these opinions and decided to do a pre study using the MAFOP metamodel to assess how the performance would be affected if TPC Services would get responsibility for the planning and scheduling of maintenance activities as well. The first step is to clearly identify which the different scenarios to be analyzed are.
One scenario is of course the current situation. Figure 8 shows the alternative scenario where the TPC Services' organization assumes responsibility for planning and scheduling of the maintenance. To create the model, data was collected to set the values of the attributes of the metamodel. For instance, to set the "correctness of cost estimations" of PM tasks in the example, the historical estimations were com-piled to give a value for the present scenario, while people from TPC Services were asked to estimate the costs of PM tasks to give the corresponding value for the alternative scenario. All collected variable values were then translated into discrete states, such as "Low", "Medium" or "High".
To calculate the results, the Bayesian network analysis tool GeNIe was employed [7] , see Figure 9 . GeNIe allows a decision analyst to set conditional probability matrices and to perform the actual analysis using Bayesian theory. The analysis made with the MAFOP metamodel suggested that the periodic maintenance performance was much higher in the alternative scenario. The other areas showed the same result or no change in performance at all. The aggregated system quality assessment yielded the result presented in Figure 10 , favouring the alternative scenario.
The collected data and the created models always contain a degree of uncertainty. The sources of information are rarely perfectly credible, and oftentimes it is too expensive to collect enough data to dispense with all uncertainty. For instance, estimating the number of failures that should have been prevented, two persons working at TPC Services were interviewed. The more experienced maintainer claimed that this would be true for nearly one fifth of the failures. However, her junior colleague whom the interviewer perceived to be less credible claimed the number would be closer to one third. The interviewer thought the probability of the more experienced maintainer to be 60% and the probability of the junior colleague to be lower; 40%. The answers were interpreted as the number of failures that should have been prevented a 60% probability of them being one fifth of the total failures and one third of all the failures with a 40 % probability. 
CONCLUSION
This paper has presented the Modelling and Analysis Framework for Organizational Performance, supporting organizational performance analysis. The benefit of this metamodel is that it contains all information relevant to make analysis of maintenance performance, resulting in a quantitative performance score as well as a model that is easy to understand. The analysis of the framework is repeatable and quantified which allows comparisons between different enterprise scenarios.
